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The Science of Railways 

For the convenience of those interested particularly in certain 
lines of work, Kirkman's "Science of Railways" is divided and 
sold in groups, as follows: 

The price of these groups, and for the complete set, are spe- 
cially made to railway employes, and payment may be made on 
the monthly installment plan if desired. The -books are bound 
in half leather, and are a handsome addition to any library. 



Group A, MOTIVE POWER DEPT., 6 
Vol.. 2 Portfolios, Price, $30.00. 

Locomotive and Motive Power Depart- 
ment. 
Engineers' and Firemen's Handbook. 
Locomotive Appliances. 
Electricity Applied to Railways. 
Air Brake — Construction and Working. 
Operating Trains. 
Portfolio of Locomotives. 
Portfolio of Air Brake. 

Group B. AGENTS AND OPERATORS. 
5 Volumes, 2 Portfolios, Price, 
925.00. 

Passenger Traffic and Accounts. 
Freight Traffic and Accounts. 
Collection of Revenue. 
Electricity Applied to Railways. 
Operating Trains. 
Portfolio of Locomotives. 
Portfolio of Air Brake. 

ftroup C. OFFICES AND STATIONS. 9 
Vols., 2 Portfolios, Price, $32.00. 

Organization of Railways — Financing. 
Passenger Traffic and Accoimts. 
P^reighit Traffic and Accounts. 
Safeguarding Railway Expenditures. 
General Accounts and Cash. 
Collection of Revenue. 
Railway Itates and Government Owner- 
ship. 
Electricity Applied to Railways. 
Operating Trains. 
Portfolio of Locomotives. 
Portfolio of Air Brake. 

Group D, ROADWAY AND TRACK, 2 
Vols., 1 Portfolio, Price, 910.00. 

Building and Repairing Railways. 
Safeguarding Railway Expenditures. 
Portfolio of Locomotives. 

Group E, CAR SHOPS. 2 Volt., 2 Port- 
folios. Price, $15.00. 

Cars — Construction, Handling and Su- 

pervision. 
Air Brake — Construction and Working. 
Portfolio of Cars. 
Portfolio of Air Brake. 



Group F, LOCOIMOTIVE SHOPS. 4 
Vols., 2 Portfolios, Price, $20.00. 

Locomotive Appliances. 

Shops and Shop Practice, Vol. 1. 

Shops and Shop Practice, Vol. II. 

Air Brake — Construction and Working. 

Portfolio of Locomotives. 

Portfolio of Air Brake. 

Group G, ROUNDHOUSE, 2 Volt.. 2 
Portfolios, Price, $15.00. 

Shops and Shop Practice, Vol. I. 
Shops and Shop Practice, Vol. II. 
Portfolio of Locomotives. 
Portfolio of Air Brake. 

Group H, TRAIN IMEN, 3 Volt., 2 Port 
folios. Price, $18.0O. 

Operating Trains. 

Cars — Construction, Handling and Su 

pervision. 
Air Brake — Construction and Working. 
Portfolio of Cars. 
Portfolio of Air Brake. 

Group I. Full Set 17 Volt., 3 Port- 
folios, Price, $45.00. 

Locomotive and Motive Power Depart- 
ment. 

Engineers' and Firemen's Handbook. 

Locomotive Appliances. 

Electricity Applied to Railways. 

Care — Construction, Handling and Su- 
pervision. 

Air Brake — Construction and Working. 

Operating Trains. 

Collection of Revenue. 

Building and Repairing Railways. 

Organization of Railways — Financing. 

Passenger Traffic and Accounts. 

Freight Traffic and Accounts. 

Safeguarding Railway Expenditures. 

General Accounts and Cash. 

Railway Rates and Government Owner- 
ship. 

Shops and Shop Practice, Vol. I. 

Shops and Shop Practice, Vol. II. 

Portfolio of Locomotives. 

Portfolio of Cars. 

Portfolio of Air Brake. 
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velocity toward the ends of its stroke. The same 
irregular linear movement is made by the eccen- 
tric rod, and it will be noticed that the crosshead 
is near the center of its stroke, the swiftest part 
of its motion, while the eccentric crank which is 
set at right angles to the main crank is experienc- 
ing its slowest movement. The union link at- 
tached to the crosshead and the eccentric rod are 
attached to the separate ends of a bell crank. 
The end of the bell crank attached to the eccentric 
rod describes a circle or ellipse, according to the 
relative proportions of the arms of the bell crank, 
but always at irregular velocity. This varying 
motion is conveyed by a coupling and hanger to 
another bell crank, the lower end of which is at- 
tached to the valve rod, which in turn is attached 
to the valve rod crosshead to which the valve 
stem is attached and held in place by adjustable 
nuts. The result of the two initial motions con- 
veyed through this double system of bell cranks 
is such that the valve travels as fast as the piston 
at the beginning of its stroke and by the time the 
piston has moved about one-twentieth of its stroke 
the valve is wide open and the valve then moves 
very slowly during the period while the piston is 
traveling with increasing rapidity during the first 
half of its stroke. As the piston approaches the 
release point the valve again travels with increas- 
ing rapidity and closes with a speed equal to that 
of the piston. 



Baker-Pilliod Valve Gear 

The combination known as the * * Baker-Pilliod ' ' 
valve gear resembles the Walschaerts gearing in 
the following respects : It has the eccentric crank 
attached to the main crank pin and a combination 
lever deriving its motion from the crosshead. 




FIG. 1. OUTLINE OF BAKER-PILLIOD VALVE GEAR. 

Figure 1 shows an outline of the Baker-Pilliod 
valve gear. It will be noticed that there are a 
number of rods, levers and bell cranks and 
brackets which in appearance form a complex 
combination, but which when followed one by one 
lead from the circular movement of the eccentric 
crank and the reciprocating movement of the 
crosshead to the simple reciprocating motion im- 
parted to the valve rod. Neither of these primary- 
movements are regular in their linear velocity; 
the crosshead travels with an increasing degree 
of rapidity toward the center and diminishes in 
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The reversing gear is shown in Fig. 2, which 
represents a skeleton sketch of the valve gear, 
shaded and purposely distorted to show more 
clearly the movable and fixed parts of the gearing. 
It will be observed that the continuance of the 
eccentric arm after passing the two bell cranks 
already described is attached to a hanger G, at the 
point F. This hanger is suspended from the 
upper end of a radius yoke J, which is attached 
to a fixed point at K. The point F therefore 
swings about the point H. This radius yoke J is 
suitably attached to the gear reach rod which is 
connected to the reversing shaft. Assuming that 
the piston and slide valve and reverse lever are 
all in the central position, it can be seen that in 
the event of the reach rod being moved to the 
front end of the quadrant, the lower arm of the 
reversing shaft will be drawn backward, carrying 
with it the radius yoke, which hangs from the top 
of the reverse yoke. This backward movement of 
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rigidity of construction whicli is impossible in the 
case of the Stephenson shifting link gear and is 
only partially so in the case of the Walschaerts 
gearing. 

The lead or opening of the valve at the end of 
the piston stroke is an unvarying or constant 
quantity, so that the length of the valve stroke 
or point of cut-off of steam supply does not in 
any way affect the exact amount of opening at 
the beginning of each piston stroke, while the de- 
gree of rapidity with which the valve opens dur- 
ing the early part of the piston stroke or the 
rapidity with which the valve closes at the de- 
sired point of cut-off is not surpassed by any kind 
of valve gearing applied to locomotives. 

One of the advantages claimed for the Baker- 
Pilliod gearing is that, when properly constructed 
and adjusted to the locomotive, the valve gearing 
passes outside of the pale of the constant con- 
sideration of the engineer or mechanic, and while 
liable, of course, to a certain amount of wear and 
possible fracture, it is not subject to those erratic 
variations peculiar to some forms of valve gear- 
ing. Generally speaking, the eccentric rod is the 
only part that may occasion a renewal of adjust- 
ment, as the wear of the bearings at the main 
crank or in the main driving boxes may occasion 
a slight variation in point of length of the eccen- 
tric rod. The gear reach rod and eccentric arm 
. as well as the valve rod are all fitted with means 
for adjustment in regard to length, so that the 
equalization of the travel of the valve can be 
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readily effected in the original assembling of the 
parts. 

The amount of lead or opening of the valve at 
the beginning of the piston stroke can be increased 
or diminished by lengthening or shortening the 
lower arm of the bell crank. By lengthening the 
arm of the bell crank attached to the valve rod 
connection an increase in the length of the valve 
stroke is made, and this increase will be added 
to the amount of valve opening at the end of the 
piston stroke. A corresponding decrease will 
occur in the case of shortening the bell crank arm. 
These changes, however, are rarely necessary. 




The exact position of the eccentric crank in re- 
lation to the main crank is a variable point to the 
designer, and is adapted by him to suit the re- 
quirements of the valve gear construction. In the 
ease of an inside admission valve, the return or 
eccentric crank follows the main crank when the 



10 !IAIi,Elt-FlLUOb VALVE GEAR 

engine is running forward. In the ease of an out- 
side admission valve, the eccentric crank is set a 
corresponding distance ahead of the main crank. 
The length of the eccentric crank is also a variable 
quantity to the designer. The eccentric crank 
used in the case of an inside admission valve is 
longer than that used in the ease of an engine 
equipped with a valve having outside admission. 
The necessity for this variation is apparent when 
it is observed that the angle of inclination of the 
eccentric rod is an ascending one towards the 
lifter bar and bell crank. These necessary varia- 
tions will be readily observed in comparing the 
illustration of the different positions of the ec- 
centric crank, as shown in Fig. 5, which displays 
the arrangement of the eccentric crank and lifter 
bar adapted to an inside admission valve, with 
that of Fig. 6, which shows the parts arranged 
from an outside admission valve. 
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